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(57) From a transmitter (1 8) and a transmission an- 
tenna (10), a first frequency signal having a fixed fre- 
quency is transmitted for a predetermined time or more, 
a second frequency signal having a certain frequency 
difference from the first frequency signal is transmitted 
for a predetermined time or more, and a third frequency 
signal having a frequency difference twice the frequency 
distance from the first frequency signal Is transmitted for 
a predetermined lime or more. Reflected waves from 
objects under measurement at the respective transmis- 
sion frequencies are supplied to a reception antenna 
(11 ), a mixer (1 2), an analog circuit unit (13), an A/D con- 



verter (14), an FFT (15) and a signal processing unit 
(16). Then, the Doppler frequencies are measured for 
the reflected waves, objects under measurement are 
separated and detected at each Doppler frequency, and 
objects under measurements having the same Doppler 
frequency are separated to identify a plurality of objects 
under measurement from phase Information and ampli- 
tude information of received signals acquired at each 
transmission frequency. In this manner, when there are 
a plurality of objects under measurement which are sub- 
stantially equal In relative speed, these can be separat- 
ed from each other and detected. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a distance measuring apparatus which radiates a radio wave, receives re- 
f lecied light fronn an object under measurement, and detects the object to detect the distance to the object and a relative 

speed. 

BACKGROUND ART 



[0002] As an example of the distance measuring apparatus, there is a distance measuring apparatus for an auto- 
motive vehicle. This distance measuring apparatus for an automotive vehicle radiates a radio wave to receive a reflected 
wavefrom a target such as a car, an obstacle or the like, and detects a propagation time of the radio wave, the magnitude 
of the reflected wave, a Doppler shift of the frequency, and the like to measure the distance to the target and a relative 
15 speed from the result. 

[0003] Several methods are known for measurements of the distance to a target, and a relative speed. For example, 
a variety of methods have been described in "Trend of Development of millimeter-wave radar for Vehicles," Journal of 
the Institute of Electronics, Information and Communication Engineers, pp977-981 , October 1996. 
[0004] Also, known radar methods include a two-frequency CW (Continuous Wave) method which switches two 
20 frequencies, an FMCW (Frequency Modulated Continuous Wave) method which performs a triangular modulation on 
a transmission frequency, a pulse method which transmits a pulse wave to measure the distance from a turnaround 
time of the pulse wave. 

[0005] Further, JP-A-11 -1 331 43, JP-A-9-1 52477 and the like describe methods of separating and detecting a plurality 
of targets in an FMCW-based radar apparatus. 

25 [0006] Further, researches have been under progress for a method of measuring a distance by switching a trans- 
mission frequency in a step-wise manner, receiving a reflected signal at each transmission frequency, and perfonning 
an inverse Fourier transform on these signals to derive time axis information, for example, as described In "About 
Distance Measurement Processing for Stepped FM Code Radar," Transactions A of the Institute of Electronics, Infor- 
mation and Communication Engineers, Vol. 1, J81-A, No. 4, pp-490-495, April 1998. 

30 [0007] Now, referring to Fig. 11 , the principles of the two-frequency CW method will be described for measuring a 
relative speed of a target, making use of a Doppler shift, and switching two frequencies to measure the distance to the 
target from phase infomnatlon of received signals at the respective frequencies. 

[0008] With the two-frequency CW method using a single transmitter, two frequencies F1 (f 1 ), F2 (f2) are alternately 
transmitted overtime, as shown in Fig. 11(A). In the prior art, the frequencies F1 , F2 are switched overtime at a period 

35 of approximately 1 00 KHz, and a difference f between the two frequencies F1 , F2 is approximately 300 KHz. 

[0009] Next, the reception side fast Fourier transforms received signals at the respective transmission frequencies 
F1, F2 to find the frequency spectrum of a received beat signal. An example of the measured received frequency 
spectrum is shown in Fig. 1 1 (B). When a target exists, a signal Indicative of the target appears In a region of a frequency 
(Doppler frequency), which con'esponds to a relative speed exhibited by the target, on the frequency spectrum, as 

40 shown In Fig. 11(B). 

[0010] The two-frequency CW method has the ability to provide information on the target for each of the two trans- 
mission frequencies F1, F2. The radar method utilizing the Doppler frequency like the two-frequency CW method is 
capable of separating and detecting a plurality of targets which differ in relative speed from one another from the 
information on the frequency spectrum derived in the foregoing manner 

45 [0011] Then, the relative speed Is calculated for each of the separated and detected targets from the Doppler fre- 
quency. The Information on the frequency spectra for two received signals in the two-frequency CW method may be 
shown In vector representation based on the phase and amplitude, as can be seen In Fig. 11(C). The difference of 
phase angle between the two power spectra F1 , F2 is proportional to the distance to the target. 
[0012] When the power spectra F1, F2 are represented in complex signals Signal(1), Signal(2), the relationship 

50 between the distance (Range) and the phase difference of the two frequency is expressed by the following Equation 
1 from the fact that the difference f between the transmission frequencies F1 , F2 is known: 



Range = (c.|GI)(47i*Af) (1) 

where 

Af=F2-F1; 
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G=arg(Signal(1))-arg(Signa!(2)); and 
c is the velocity of light. 

[0013] From the foregoing, the two-frequency CW method can calculate a relative speed with a target from the 
5 Doppler frequency, and can calculate the distance to the target from phase angle information. 

DISCLOSURE OF THE INVENTION 

[0014] However, distance measuring apparatuses utilizing the Doppler shift, as represented by the two-frequency 
10 CW method, separates and detects targets relying on the relative speed, so that such apparatuses experience diffi- 
culties In separating and detecting a plurality of targets having the same relative speed. 

[0015] Therefore, for example, even if two obstacles actually exist, the apparatus may determine in some cases that 
only one obstacle exists. 

[0016] It is an object of the present invention to provide a distance measuring apparatus which has a function of 
15 separating and detecting a plurality of targets, which are substantially equal in relative speed to one another, in a radar 
apparatus which utilizes the Doppler frequency. 

[0017] To achieve the above object, the present invention is configured in the following manner 

(1 ) A distance measuring apparatus which radiates a radio wave, receives a reflected wave from an object under 
measurement, and detects the object under measurement, wherein the apparatus comprises transmitting means 
for continuously transmitting a first frequency signal for a predetermined time or more, continuously transmitting 
a second frequency signal having a predetermined frequency difference from the first frequency for a predeter- 
mined time or more, and transmitting a signal having a frequency difference of an integer multiple equal to or larger 
than twice the predetermined frequency difference from the first frequency over signals at N frequencies, where 
N is an integer equal to or larger than one, receiving means for measuring a Doppler frequency of the reflected 
wave from the object under measurement at each of the respective transmission frequencies of the first frequency 
signal, second frequency signal, and N frequency signals, and detection processing means for separating a plurality 
of objects under measurements to detect the respective objects. 

(2) Preferably, in the foregoing (1), the N is one. 

(3) Also, preferably, in the foregoing (1), (2), the detection processing means has a first separation/detection func- 
tion for separating and detecting an object under measurement at each Doppler frequency of received signals, 
and asecond separation/detection function for measuring phase inf onnation and amplitude information on received 
Doppler frequencies, and separating and detecting a plurality of object under measurements having substantially 
the same Doppler frequencies from the phase information and amplitude information. 

(4) Also, preferably, in the foregoing (1), (2), (3), the transmitting means has a single transmitter, wherein a plurality 
of frequencies are periodically alternately transmitted by the single oscillator. 

(5) A distance measuring apparatus which radiates a radio wave, receives a reflected wave from an object under 
measurement, and detects the object under measurement, wherein the apparatus comprises transmitting means 
for continuously transmitting a first frequency signal for a predetermined time or more, continuously transmitting 
a second frequency signal having a predetermined frequency difference from the first frequency for a predeter- 
mined time or more, and transmitting a signal having a frequency difference of an integer multiple equal to or larger 
than twice the predetermined frequency difference from the first frequency over signals at N frequencies, where 
N is an integer equal to or larger than one, the means having a first time region in which the first frequency signal 
and the second frequency signal are alternately transmitted over time, and a second time region in which the first 
frequency signal through (N+2)th frequency signal are respectively transmitted alternately over time, receiving 
means for measuring a Doppler frequency of the reflected wave from the object under measurement at each of 
the respective transmission frequencies of the first frequency, second frequency, and N frequencies, and detection 
processing means for separating a plurality of objects under measurement to detect the respective objects. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Fig. 1 is a block diagram of a radar apparatus (distance measuring apparatus) according to a first embodiment of 
55 the present invention; 

Fig. 2 is a diagram showing a change in a transmission signal overtime in the first embodiment; 

Fig. 3 is a diagram illustrating an exemplary positional relationship between objects under measurement and the 

distance measuring apparatus; 



3 



25 



30 



35 



40 



BNSDOCID: <EP 1253441A1 J_> 



EP 1 253 441 A1 

Fig. 4 Is a diagram showing an exemplary power spectrum when a plurality of objects under measurement exist; 
Fig. 5 is a diagram showing an exemplary frequency spectrum; 

Fig. 6 Is a processing flow chart for calculating the distance to an object under measurement In a method of 
transmitting three frequencies; 

5 Fig. 7 is a diagram showing a change in a transmission signal frequency over time in a second embodiment of the 

present invention; 

Fig. 8 is a diagram showing a change in a transmission signal frequency over time in a third embodiment of the 
present invention; 

Fig. 9 is a processing flow chart for calculating the distance to an object under measurement in the third 
10 embodiment ; 

Fig. 10 is a diagram showing another example of a change in a transmission signal frequency overtime; and 
Fig. 11 is an explanatory diagram for an example of a conventional two-frequency CW method. 

BEST MODE FOR CARRYING OUT THE INVENTION 

15 

[0019] In the following, embodiments of the present invention will be described with reference to Figs. 1 through 10. 
[0020] Fig. 1 is a block diagram of a radar apparatus (distance measuring apparatus) according to a first embodiment 
of the present invention, which is an example in which the present invention is applied to a distance measuring appa- 
ratus for an automotive vehicle. 
20 [0021] In Fig. 1. a transmitter IB transmits at a transmission frequency based on a modulated signal 19 from a 
modulator 17, and a transmitted high frequency signal is radiated from a transmission antenna 10. In the distance 
measuring apparatus for an automotive vehicle, a radio wave signal in a millimeter-wave band is typically used as the 
high frequency signal. 

[0022] A reception antenna 1 1 receives a radio wave signal reflected back from a target (object under measurement) 
25 such as a vehicle, an obstacle or the like, and a mixer 12 performs a frequency conversion. The mixer 12 is supplied 
with a portion of the output signal of the transmitter 18 through a directive coupler, so that a beat signal generated by 
mixing the signal from the transmitter 1 8 and the received signal from the reception antenna 1 1 is sent from the mixer 
12 to an analog circuit unit 13. 

[0023] In a radar system for measuring a relative speed and distance utilizing the Doppler frequency, the beat signal 
30 outputted from the mixer 12 is simply the Doppler frequency when using a homodyne-based reception system for 
directly converting to a baseband. 

[0024] Then , the beat signal outputted from the mixer 1 2 is supplied from the analog circuit unit 1 3 to an A/D converter 
14 which converts the beat signal to a digital signal that Is then supplied to an FFT (fast Fourier transfomn) unit 15. 
This FFT unit 1 4 relies on a fast Fourier transform to measure the frequency spectrum of the beat signal as Information 

35 of the amplitude and phase which Is then sent to a signal processing unit 16. 

[0025] Next, Fig. 2 shows an exemplary transmission signal in the distance measuring apparatus according to the 
first embodiment of the present invention. The example shown in Fig. 2 represents a method of switching three trans- 
mission frequencies f 1 , f2, f3 over time. These three frequencies f 1 , f2, f 3 are set such that differences between mutually 
adjacent frequencies (f1 and f2, f2 and fS) present the same difference value Af . 

40 [0026] As these three frequencies are alternately transmitted over time, received signals are measured at the re- 
spective frequencies to acquire Infomiation on the frequency spectra at the respective transmission frequencies. 
[0027] Consider now that two targets A, B have similar relative speeds and different distances, as illustrated In Fig. 
3. In this event, reflected waves from the targets A, B have substantially the same Doppler frequencies for the respective 
transmission frequencies, For this reason, the power spectrum at the Doppler frequency corresponding to the relative 

45 speed of the targets A, B presents a composite signal of the reflected waves from the two targets A, B. 

[0028] Specifically, a composite spectrum of the power spectrum A of the reflected wave from the target A and the 
power spectrum B from the target B is observed, as shown in Fig. 4. 

[0029] When the two targets A, B having similar relative speeds are measured by the distance measuring apparatus 
configured to switch the three transmission frequencies f1 , f2, f3, shown in Fig. 2, information on the frequency spectra 

50 of the received signals presents a vector as represented in Fig. 5. 

[0030] Specifically, observed are three vectors, composite F1, composite F2, composite F3, which are composite 
vectors of the reflected waves from the two targets A, B. These composite vectors are combinations of the reflected 
waves (F1_A, F2_A, F3_A) from the target A, and the reflected waves (F1_B, F2_B, F3_B) from the target B at the 
transmission frequencies f1 - f3, which are combined at the respective transmission frequencies. 

55 [0031] Here, as described in connection with the aforementioned Equation (1 ), when the difference Af of the trans- 
mission frequencies is constant, the phase difference of received signals for two transmission frequencies is propor- 
tional to the distance to the target A, so that the three vectors F1_A, F2_A, F3_A have their respective phase angles 
to adjacent vectors substantially identical to GA which is proportional to the distance Range A to the target A. 
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[0032] Likewise, for the target B, the three vectors F1 _B, F1 _B, F3_B have their respective phase angles to adjacent 
vectors substantially identical to 68 which is proportional to the distance Range B to the target B. 
[0033] Representing the three composite vectors Composite F1 , Composite F2, Composite F3 in complex Signal(1 ) 
- Slgnal(3), the power spectra of received signals are expressed by the following Equation (2), based on F1_A, F1_B: 



10 



ra = (4 7r •RangeA)/c 
rb = ( 4 TT • RangeB ) /c 



15 



20 







Signal(2) 






\ 



1 1 \ 

exp(y • 6f • ra) tixp(j ■ A/ • rb) 



(fi = b j 



(2) 



[0034] The first and second rows of the Equation (2) are multiplied by exp(j-Af-ra), and their upper and lower rows 
are subtracted from the products to derive the following Equation (3): 



25 



exp(j-Af-rb) = (Signal(2)-expG-A 
f.ra)-Signal(3))/(Signal(1)-expGAfra)-Signal(2)) 



(3) 



[0035] In the Equation (3), from the fact that the difference f between the respective transmission frequencies Is 
30 known, and the absolute value of the right side Is 1 , expQ-Af-ra) can be calculated. 
[0036] Also, exp(j-Af-rb) can be calculated using the resulting expO-Af-ra). 
[0037] An exemplary solution to them is shown below. 
. [0038] First, exp(j-Af-ra) is substituted as shown In the following Equation (4): 



35 



40 



expO'Af-ra) = cos(Af-ra)+j-sln(Af-ra) 
=(1-tan^(Af.ra/2)/(1+tan^(Af.ra/2))+j.2tan(A 
f.ra/2)/(1+tan^(Af-ra/2)) = (1-x^)/(1+x^)+j-2x/(1+x^) 



(4) 



45 



where 

x=tan(Afra/2) 

[0039] Next, since Signal(1), Signal(2), Signal(3) have known values, ra is calculated from the condition expressed 
by the following Equation (5) as a simultaneous equation for x: 



50 



55 



(5) 



{Signal(2) • exp(y tsf ra)- Signal(3) 



= 1 



(SignalQ) • exp(j -tsf ra)- Signal(2) 
x=(-2r± (4r2-(a- 2/3 ) ( ) ) ) /( a+2/3 ) 
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where 

a = -ISjgnal(1)|2+islgnal(3)|2 
p = Re(Signa!(1)-Signal(2)*-Signal(2)-Signal(3)*) 
5 Y = -lnn(Signal(1 )-Signal(2)*-Slgnal(2).Signal(3)*) 

[0040] Also, Signal(1), Signal(2), Signal(3) are composile vectors (composite numbers) lo be measured, and * indi- 
cates complex conjugates. 

[0041] Using the values calculated by the foregoing equations, the distance RangeAto the target A, and the distance 
10 Range B to the target B are calculated by the following Equation (6): 

ra {2/Af)tan- l{x) 
RangeA = (2-c/(47t • Af )tan- l(x) 
RangeB » 



15 



20 



25 



( c/ ( 4 7C > A £ ) ar g f ^^'Snal{2) ' exp( y ■ A/ > ra) ^ Signali3) \ 
[ iSignal(l) . cxp(y Af ra)-- Signal(2) } 



(6) 



[0042] A processing flow for calculating the distances to the targets in the method of transmitting the foregoing three 
frequencies f1 , f2, f3 will be described with reference to Fig. 6. 
30 [0043] At step 100 in Fig. 6, the three transmission frequencies f1, f2, f3 are alternately transmitted over time at 
timings as indicated in Fig. 2. The switching of these transmission frequencies f1 , f2, f3 is implemented by a modulated 
signal 1 9 sent from the modulator 1 7 to the oscillator 1 8 shown in Fig. 1 . 

[0044] At next step 101 , a received signal reflected by a target Is converted to a digital signal by the A/D converter 
14. At this step 101, the sampling by the A/D converter 14 is perfonned a number of times equal to or larger than the 
35 number of sample points which are lo undergo the FFT processing for each transmission frequency. 

[0045] For example, when the number of sample points subjected to the FFT processing is N points which are sam- 
pled one by one In a transmission time At of each frequency shown in Fig. 2, a time (3xNxAt) is required for sampling 
all of the three frequencies f 1 , f2, f3. 

[0046] Next, at step 102, the A/D inputted received signal is FFT processed by the FFT unit 15. This results in 
40 infomnation on the frequency spectra of received signals at the three transmission frequencies f 1 , f2, f3. 

[0047] Next, at step 1 03, peak values are separated and detected from the information on the frequency spectra. In 
the radar system utilizing the Doppler frequency such as the two-frequency CW method, the frequency of a peak value 
is proportional to a relative speed, so that targets having different relative speeds are separated to detect respective 
peaks. 

45 [0048] Next, at step 1 04, the spectrum information with relative speeds having the same peak value is measured for 
each of the transmission frequencies f 1 , f2, f3. 

[0049] Next, at step 1 05, the distances to the two targets A. B. which are substantially equal in relative speed to each 
other, are calculated using Equation (5), Equation (6). 

[0050] In the sequence of processing illustrated in Fig. 6, the processing after the separation and detection of the 
50 peaks at step 103 to step 105 is executed by the signal processing unit 16 in Fig. 1. 

[0051] The processing from the foregoing step 1 00 to step 1 05 is repeated to measure the distance, and calculate 
the distances between the two targets A, B, which are substantially equal in relative speed to each other, and a reference 
vehicle (observer). 

[0052] In the foregoing manner, according to the first embodiment of the present invention, It is possible to realize a 
55 distance measuring apparatus which has a function of separating and detecting a plurality of targets with substantially 
equal relative speeds to the observer, and measuring the relative speeds, and the distance between each of the plurality 
of targets and the observer. 

[0053] Next, a second embodiment of the present invention will be described with reference to Fig. 7. 
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[0054] The first embodiment described with reference to Figs. 1 through 6 is a method which involves switching three 
transmission frequencies f1, f2, f3 in order, separating and detecting two targets A, B, and calculating their relative 
speeds and distances. As is apparent from the measurement principles, in the method according to the present inven- 
tion, an increase in the number of steps of transmitted frequencies results in a like increase in the amount of information 

5 on frequency spectra which can be measured. (N-1 ) targets can be separated and detected by utilizing the amount of 
informalion on frequency spectra under measurement, and providing N transmission frequencies. 
[0055] Therefore, the second embodiment provides a melhod of sequentially switching four transmission frequencies 
f 1 , f2, f3, f4 over time, as shown in Fig. 7. Then, the frequency f2 is lower in frequency by Af than f 1 , and the frequency 
f3 is lower in frequency by Af than f2. Also, the frequency f4 is lower in frequency by Af than f3. A transmission time at 

10 each frequency lasts for At which is equal to each other. 

[0056] In this manner, by providing four transmission frequencies f1 , f2, f3, f4, and using a distance measuring ap- 
paratus similar to the distance measuring apparatus illustrated in Fig. 1 , i.e., in a manner similar to the first embodiment, 
relative speeds of three targets and the distances between the respective targets and the observer can be calculated 
in accordance with the flow chart illustrated in Fig. 6 (however, the measurements of spectra and the like are made 

15 four times In conformity to the types of frequencies). 

[0057] Therefore, according to the second embodiment, it is possible to realize a distance measuring apparatus 
which has a function of separating and detecting a plurality of or three targets with substantially equal relative speeds 
to the observer, and measuring their relative speeds and the distance between each of the targets and the observer. 
[0058] Moreover, it is contemplated to provide a method of transmitting five or more transmission frequencies in 

20 alternation to separate and detect a plurality of targets. 

[0059] Next, a third embodiment of the present invention will be described with reference to Figs. 8 and 9. 
[0060] As described in connection with the first embodiment, since the sampling by the A/D converter 1 4 is performed 
a number of sample points, which undergo the FFT processing, or more, a total of time (2xNxAt) is required for sampling 
data which undergo the FFT processing when two frequencies are transmitted. Likewise, for transmitting three fre- 

25 quencies, a time (3xNxAt) is required for sampling data which undergo the FFT processing. 

[0061] Generally, since the distance measuring apparatus desirably detects targets, if any, in an early stage, the time 
required for sampling data for the FFT processing should be as short as possible. 

[0062] To meet this requirement, with a strategy which normally measures a distance at two alternating frequencies 
in accordance with the two-frequency CW method and switches at a certain timing to a method which additionally 
30 transmits a third frequency, it is possible to use, as required, the two-frequency CW method which only requires a short 
processing time, and a three-frequency based method which, though requiring a processing time not shorter than the 
two-frequency CW method, is capable of separating and measuring a plurality of targets which have substantially the 
same relative speeds. 

[0063] For the implementation which involves switching the two-frequency CW method and the three-frequency 
35 based rhethod, signal transmission timings are shown in Fig. 8, and a processing flow is iltuslraled in Fig. 9. 

[0064] As illustrated in Fig. 8, generally, the two-frequency CW method is relied on to measure distances at two 
alternating frequencies f 1 , f2, and a third frequency f3 is also added at a certain timing to transmit the frequencies f1 , 
f2, f3 which are switched in sequence. 

[0065] In a first time region in which the two frequencies f 1 , f2 are transmitted, the conventional two-frequency CW 
"to method Is used to measure distances. In a second time region in which the third frequency is additionally transmitted, 
infomriation on the three measured frequencies is utilized to separate and measure a plurality of targets having sub- 
stantially the same relative speeds. 

[0066] For the timing at which the transmission of the two frequencies f1 , f2 is switched to the transmission of the 
three frequencies f 1 , f2, f3, a temporal change in the power spectrum of a measured peak, for example, may be checked 

45 to see whether it is equal to or larger than a predetermined value. 

[0067] When a plurality of targets having the same relative speed exist, a measured frequency spectrum appears 
to be a signal which is a combination of reflected waves from the plurality of targets, as shown in Fig. 4. 
[0068] A reflected wave from each target varies in amplitude over time due to the influence of multipath or the like, 
so that the measured composite spectrum largely varies in amplitude and phase overtime. Fig. 9 illustrates a processing 

50 flow for switching a time region in which the two frequencies f 1 , f2 are transmitted and a time region in which the three 
frequencies f1 , f2, f3 are transmitted, making use of the foregoing characteristics. 

[0069] In Fig. 9, generally, the two frequencies f1 , f2 are alternately transmitted at step 110. While the processing 
from step 1 01 to step 1 03 is similar to the processing described in the flow chart of Fig. 6, a time required for sampling 
the number of points subjected to the FFT processing Is (2xNxAt) since measurements are made at the two frequencies 
55 in this time region. 

[0070] Next, at step 111, the power spectra of received signals are measured at the respective transmission frequen- 
cies f1 , f2. Subsequently, at step 11 2, it is determined whether or not the amounts of variations in the amplitude and 
phase of the measured power spectra over time are equal to or larger than predetermined values. As the predetermined 
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values in this determination, for example, if the amounts of variations In the amplitude and phase over time are equal 
to or larger than 30 %, the amounts of variations over time may be determined as large. 

[0071] When It Is detemilned at step 112 that variations In the measured power spectra over time are equal to or 
smaller than the predetermined values, the flow proceeds to step 113, where the distances to the targets are calculated 

5 using Equation (1), followed by a repetition of measurements of distances using the two frequencies f1 , f2from step 110. 
[0072] When the amounts of variations in the amplitude and phase of the measured power spectra over time are 
equal to or larger than the predetermined values, the flow proceeds to step 100, where the three frequencies f1 , f2, f3 
are alternately transmitted attlmings as Indicated In thetime region of the three-frequency based measurement In Fig. 8. 
[0073] Next, similar to the processing described in the flow chart of Fig. 6, the processing from step 1 01 to step 1 05 

10 is performed to measure the distances to the two targets A, B. In this event, since the three frequencies f1 , f2, fS are 
being alternately transmitted, a time required for sampling the number of points subjected to the FFT processing 
amounts to (SxNxAt). 

[0074] Next, it is determined at step 114 whether or not there are a plurality of targets which have the same speed. 
When there are a plurality of targets having the same relative speed, the flow returns to step 1 00, where the processing 
15 for transmitting the three frequencies f1 , f2, fS is continued. 

[0075] When It is determined at step 114 that there are not a plurality of targets having the same relative speed, the 
flow returns to step 110, where the two-frequency based measurement is performed by transmitting the two frequencies 
f1 , f2. 

[0076] By thus providing the time region In which the two frequencies f1 , f2 are transmitted, and the time region in 
20 which the three frequencies f 1 , f2, f3 are transmitted, the existence of targets can be nomnally measured in a short 
time of (2xNx At), and when a plurality of targets can exist, the respective distances to the plurality of targets can be 
measured by using the three frequencies f1 , f2, f3. 

[0077] In the foregoing manner, according to the third embodiment of the present invention, in addition to the ability 
to provide similar effects to those of the first embodiment, It Is possible to realize a distance measuring apparatus which 

25 can use, as required, the two-frequency CW method that requires a shorter processing time, and the three-frequency 
based method that, though a longer processing time is required than the two-frequency CW method, is capable of 
separating and measuring a plurality of targets which have substantially the same relative speeds. 
[0078] As previously shown in the foregoing embodiment, the switching of the number of transmitted frequencies at 
a certain timing may be applied, for example, to switching from the transmission of the two frequencies f1 , f2 to the 

30 transmission of N frequencies, where N is four or more. 

[0079] Also, as shown in Fig. 10, the third frequency fS and fourth frequency f4 are alternately transmitted within a 
certain time period. Specifically, even when the frequencies are alternated such as f 1 -> f2 -> f3 -> f 1 -> f2 -> f4, three 
targets can be separately measured, making use of information on the four measured frequencies f1, f2, f3, f4, as 
described in the foregoing embodiment. 

35 [0080] In the embodiment of Fig. 1 0, a time required for sampling the number of points subjected to the FFT process- 
ing amounts to (SxNxAt) for the two transmission frequencies f 1 , f2, while a time required for sampling the number of 
points subjected to the FFT processing amounts to (SxNxAl) for the transmission frequencies f3, f4. 
[0081] While In the foregoing example, a single transmitter is provided for transmitting a plurality of frequencies, a 
plurality of transmitters may be provided to transmit a plurality of frequencies from the plurality of transmitters. However, 

^0 when a plurality of transmitters are provided, the frequencies must be adjusted among the plurality of transmitters, and 
the weight is increased. On the other hand, when a single transmitter is provided alone such that a plurality of frequen- 
cies are transmitted from the signal transmitter, no adjustment is required for the frequencies among a plurality of 
transmitters, and the weight Is reduced. 

[0082] The time At for which one frequency signal is continued should be equal to or longer than a time taken for a 
45 radio wave to go and return the distance to a target. 

[0083] Also, while the foregoing example is an example in which the present Invention Is applied to a distance meas- 
uring apparatus for an automotive vehicle, the present invention is not limited to a use for automotive vehicle but may 
be applied to other distance measuring apparatus. 

[0084] For example, the present Invention can be applied to a system which comprises a distance measuring appa- 
50 ratus installed near a road to determine a speed of a running vehicle, and vehicles which are running at that speed. 
[0085] Also, the present Invention can be applied to a system which comprises a distance measuring apparatus 
installed near a blind road to notify how many automotive vehicles are approaching a curve at which speeds. 
[0086] The present Invention can also be applied to an apparatus for detecting objects under measurement, which 
recognizes a plurality of objects under measurement. 
55 Specifically, the present invention can also be applied, for example, to an apparatus for detecting objects under meas- 
urement, which separates and recognizes the positions of a plurality of pedestrians going ahead or the like, and displays 
them In a vehicle, when the vehicle Is being driven at night. In this case, a means for separating and detecting the 
respective positions of a plurality of pedestrians or the like is the signal processing unit 16. 
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INDUSTRIAL AVAILABILITY 

[0087] According to the present invention, by providing a first separating/detecting means having a function of trans- 
mitting a certain constant first frequency for a predetermined time or more, transmitting a second frequency having a 

5 certain frequency difference from the first frequency for a predetermined time or more, and transmitting an nth frequency 
having a frequency difference of an integer multiple equal to or larger than two of the frequency difference from the 
first frequency for a predetermined lime or more, and for measuring the Doppler frequencies of reflecled waves from 
objects under measurement at the respective transmission frequencies to separate and detect the objects under meas- 
urement at each Doppler frequency, and a second separating/detecting means for separating objects under measure- 

10 ment having the same Doppler frequency from phase information and amplitude information of received signals ac- 
quired at each transmission frequency, it is possible to realize a distance measuring apparatus which is capable of 
separating and detecting a plurality of objects under measurement having substantially the same relative speeds, and 
calculating the distance between each of the plurality of objects under measurement and an observer 
[0088] Also, by virtue of the ability to separate and detect a plurality of objects under measurement having substan- 

15 tially the same relative speeds, it is possible to realize an apparatus for detecting objects under measurement, which 
is capable of separating each of a plurality of pedestrians or the like, which are moving at the same relative speed, 
and recognizing their existence at night or the like. 



20 Claims 

1. A distance measuring apparatus which radiates a radio wave, receives a reflected wave from an object under 
measurement, and detects the object under measurement, said distance measuring apparatus characterized by 
comprising: 

25 •: 

transmitting means (1 0, 1 8) for continuously transmitting a first frequency signal for a predetermined time or 
more, continuously transmitting a second frequency signal having a predetermined frequency difference from 
the first frequency for a predetemriined time or more, and transmitting a signal having a frequency difference 
of an integer multiple equal to or larger than twice said predetemriined frequency difference from the first 
30 frequency over signals at N frequencies, where N is an integer equal to or larger than one; 

receiving means (11, 12, 13, 14, 15) for measuring a Doppler frequency of the reflected wave from said object 
under measurement at each of the respective transmission frequencies of said first frequency signal, second 
frequency signal, and N frequency signals; and 

detection processing means (1 6) for separating a plurality of objects under measurement to detect the respec- 
35 live objects. 

2. A distance measuring apparatus according to claim 1 , characterized in that said N is one. 

3. A distance measuring apparatus according to claim 1 or 2, characterized in that: 

40 

said detection processing means (16) has a first separation/detection function for separating and detecting 
an object under measurement at each Doppler frequency of received signals, and a second separation/de- 
tection function for measuring phase information and amplitude information on received Doppler frequencies, 
and separating and detecting a plurality of objects under measurement having substantially the same Doppler 
^5 frequencies from the phase information and amplitude information. 

4. A distance measuring apparatus according to claim 1 . 2 or 3, characterized in that: 

said transmitting means (1 0, 1 8) has a single transmitter (1 8), wherein a plurality of frequencies are periodically 
50 alternately transmitted by the single oscillator (1 8). 

5. A distance measuring apparatus which radiates a radio wave, receives a reflected wave from an object under 
measurement, and detects the object under measurement, said distance measuring apparatus characterized by 
comprising: 

55 

transmitting means (10, 18) for continuously transmitting a first frequency signal for a predetermined time or 
more, continuously transmitting a second frequency signal having a predetermined frequency difference from 
the first frequency for a predetermined time or more, and transmitting a signal having a frequency difference 
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of an integer multiple equal to or larger than twice said predetemiined frequency difference from the first 
frequency over signals at N frequencies, where N is an integer equal to or larger than one, said means having 
a first time region In which said first frequency signal and said second frequency signal are alternately trans- 
mitted over time, and a second time region in which said first frequency signal through an {N+2)th frequency 
5 signal are respectively transmitted alternately over time; 

receiving means (11 , 1 2, 13, 1 4, 1 5) for measuring a Doppler frequency of the reflected wave from said object 
under measurement at each of the respective transmission frequencies of said first frequency, second fre- 
quency, and N frequencies; and 

detection processing means (1 6) for separating a plurality of objects under measurement to detect the respec- 
10 live objects. 
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